Abstract Strombus canarium Linnaeus, 1758 is an important gastropod species within the study area and was traditionally collected for food by the locals. The objective of the present study is to assess the incidence of imposex and its severity in this species. Adult conchs were sampled during their main reproductive period, from October 2005 to January 2006, at Sungai Pulai estuary, Johor Straits, Malaysia. A total of 32.81% of adult females showed imposex characteristics, with varying degrees of severity though. The relative penis size (RPS) index ranged from 1.74 to 33.29 (mean = 13.40 ± 2.27, n = 21), while the
relative penis length (RPL) index ranged from 6.28 to 55.19 (mean = 25.83 ± 3.33, n = 21). The use of vas deferens sequence (VDS) index was however cannot be applied as the presence of egg groove obscured any vas deferens development in affected females. Sequence of imposex (male penis) development in female conch, from merely a small stump to an advance male penis homologous was therefore carefully analyzed and described, and an alternative imposex classification scheme was proposed. S. canarium can be a good indicator for monitoring of organotin pollution within the study area. However, more studies are needed in order to further develop and test its validity and application, such as its correlation with levels of pollutant within the tissues and the environment, as well as its application on other Strombus species.
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Introduction
Mollusks are very sensitive to organotins and have widely been used in marine pollutants monitoring exercises (Bright and Ellis 1990; Nishikawa et al. 2004; Ismail 2006) . 'Imposex' (Smith 1980) , which also known as pseudohermaphroditism (Jenner 1979) , is the most sensitive biological effect in response to organotins. It is an induced response of forming a penis and/or vas deferens in female gonochoristic prosobranch gastropods (deFur et al. 1999) . At the moment, no other xenobiotic is known that also causes imposex, thus was recommended as a suitable bioindicator of TBT pollution (Bright and Ellis 1990; Nishikawa et al. 2004; Ismail 2006) . To date, imposex has been described in more than 200 different species of gastropods belonging to 50 genera (Fioroni et al. 1991; Oehlmann et al. 1992; deFur et al. 1999; Oetken et al. 2004; Bigatti and Carranza 2007) . Reproductive failure and declining populations due to imposex have been documented in several gastropods species (e.g., Bryan et al. 1986; Gibbs and Bryan 1986; Bright and Ellis 1990; Gibbs et al. 1990; Nias et al. 1993) .
It was already well established that shipping activities contributed to the level of organotins, particularly TBT, in the sea and coastal environment (Smith 1981; Bright and Ellis 1990; Ellis and Pattisina 1990; Ismail 2006) . A recent study along the Straits of Malacca found high concentration of TBT in bottom sediment, which ranged from 2.8 to as high as 1,100 ng/g (Sudaryanto et al. 2004 ). Another study reported that locations closed to port areas were the most affected (Tong et al. 1996) . There were only few studies on imposex in gastropod have been conducted within the Johore Straits and The Straits of Malacca. Tan (1997 Tan ( , 1999 reported severe imposex incidence among the whelk such as Thais gradata and Chicoreus capucinus. Ismail et al. (2004) reported nearly 100% of female Thais collected along the Straits of Malacca.
Strombus canarium Linnaeus, 1758 is a true conch from the family Strombidae, a member of the order Mesogastropoda. This species was widely distributed within the coastal and sheltered islands of the tropics, and highly associated with seagrass bed ecosystem (Chuang 1973; Cob et al. 2005 ). This species is very important for the locals as it was traditionally collected for food (Chuang 1973; Purchon and Purchon 1981; Cob et al. 2005) , and probably formed the most important gastropod fishery within the study area. However, since this traditional conch fishing ground was very close to ports (Port of Tanjung Pelepas in Malaysia and Tuas in Singapore) and subjected to heavy shipping traffics (The Straits of Malacca), there was great concerned that TBT pollution might have significant impact on the population. However, there was no information regarding imposex cases in this species. Our objectives were to assess and described the imposex condition in S. canarium and to establish an imposex classification system to serve as the basis for a suitable index for TBT monitoring using this species.
Materials and methods
The study area (Fig. 1) is a subtidal shoal located in the western part of Johor Straits (1 • 19.55 N, 103
• 35.57 E), and consists mainly of fine sand and mud substrate. The shoal is situated between the Port of Tanjung Pelepas, Malaysia and Port of Tuas, Singapore, and facing the Malacca Straits, which is among the world's most important international navigation waterways (Ismail 2006) .
Specimen collections were conducted during the main reproductive period for the species, from October 2005 to January 2006, which was also the main conch-harvesting season for the area (Cob et al. 2005) . Adult conchs, which can easily be recognized by the flared and thickened shell outer-lip (Cob et al. 2008a, b) , were collected randomly along the shoal during low tides. They were manually picked and were preserved in ice, and kept frozen prior to analysis. The shell, animal and gonad tissue were then separated, blotted damp-dry and weighed (wet-weight) to the nearest 0.001 g using an analytical balance. Shelllength and shell-lip thickness were then measured to the nearest 0.01 mm using a digital vernier caliper.
The incidence of imposex in S. canarium was analyzed, based on the description by Cob et al. (2008b) and earlier description by Kuwamura et al. (1983) on S. luhuanus. The presence of male penis homologous on female individuals was noted and expressed as percent incidence (%I). The length and thickness of the verge, as well as any branching were then carefully measured using dissecting microscope equipped with an image analysis system (MOTIC™). Digital image of
